Introduction {#sec1}
============

The proportion of persons with congenital heart defects who survive into adulthood has increased to more than 90% in recent decades because of advances in surgical and medical treatment \[[@cit0001]--[@cit0004]\]. The most common congenital cyanotic cardiac defect is tetralogy of Fallot (ToF), and the population of adult patients who have undergone repair of ToF is increasing \[[@cit0002]\]. However, the prolongation of life is not always accompanied by improved quality of life and health \[[@cit0001]\], which is defined by the World Health Organization as a state of complete physical, mental and social well-being, and not merely the absence of disease or infirmity \[[@cit0005]\]. Late complications of repair of ToF are pulmonary regurgitation, pulmonary stenosis, residual ventricular septal defect, arrhythmias, and cardiac failure. These complications may affect patients' quality of life and perception of their health status, which can influence treatment outcomes \[[@cit0002]\]. Limitations in the numbers of patient diagnostic groups and lack of a standardized assessment have restricted investigations of the late functional health of adults with repaired ToF.

Aim {#sec2}
===

Thus, the present study aimed to evaluate the quality of life of adults with repaired ToF, using the self-reporting Short Form-36 Health Survey (SF-36). The second goal of the study was to assess the relationship between the quality of life and exercise capacity, measured by echocardiography, cardiac magnetic resonance (CMR), and cardiopulmonary exercise test (CPET).

Material and methods {#sec3}
====================

Study participants {#sec3.1}
------------------

Between May 2016 and July 2017, 39 patients who agreed to complete the SF-36 survey, older than 18 years with repaired ToF (who were clinically stable before enrolment) were included in the study. Patients were referred for echocardiography, CMR, exercise testing and ECG Holter monitoring as part of routine clinical follow-up at the Department of Cardiac and Vascular Diseases, Institute of Cardiology Jagiellonian University College of Medicine in the John Paul II Hospital in Krakow. Forty healthy volunteers, matched with patients by gender and age, were recruited via an advertisement as controls. The control subjects were healthy at clinical examination, and had no medical history, medication or current symptoms suggesting cardiovascular disease.

Study protocol {#sec3.2}
--------------

Information on the following was recorded for each study participant: weight; height; history of cardiac operations; age at surgical repair; echocardiography; CMR; CPET; ECG Holter monitoring and SF-36. The study protocol was approved by the local Ethics Committee. Each participant provided informed consent to participate in the study (license number 122.6120.88.2016).

Echocardiography {#sec3.3}
----------------

During echocardiographic examination, ejection fraction of the left and right ventricle was measured according to European Society of Cardiology guidelines \[[@cit0006]\]. Valve regurgitation and stenosis were evaluated with continuous-wave Doppler and pulsed-wave Doppler. To estimate the severity of pulmonic stenosis, pulmonary gradient with continuous-wave Doppler was performed. The severity of pulmonary and tricuspid regurgitation was estimated with colour Doppler. A quantitative assessment of the severity of pulmonary regurgitation was based on the deceleration velocity of the regurgitant flow, known as pressure half time (PHT). The pressure half time was measured with continuous-wave Doppler, and values under 100/ms were considered an index of severe pulmonary regurgitation \[[@cit0007]\]. Function of the right heart was also assessed with echocardiography. Tricuspid annular plane systolic excursion (TAPSE) measured the systolic excursion of the right ventricular annular plane toward the apex. Values of TAPSE lower than 18 mm were indicative of right ventricular longitudinal dysfunction. Tissue Doppler imaging, applied at the tricuspid annulus, was used for the assessment of right ventricular function. Isovolumic acceleration time was used to assess right ventricular contractility. The presence or absence of atrial and ventricular septal defect also was checked. Images were obtained with Vivid 7 GE Medical System, USA.

Cardiac magnetic resonance: imaging protocol {#sec3.4}
--------------------------------------------

Breath-hold, electrocardiographic-gated imaging was performed using a cardiac-phased array coil on a 1.5T whole-body scanner (Magnetom Sonata Maestro Class, Siemens, Erlangen, Germany) in left ventricle and right ventricle short-axis and axial views. After scout imaging was performed, cine biventricular imaging, using breath-hold steady-state free precision gradient echo technique, and flow-sensitive imaging at the pulmonary valve level, using free-breathing phase-contrast technique, were performed. The imaging plane for a flow sequence was oriented perpendicularly to the main pulmonary artery at the pulmonary valve level. The velocity encoding was set at 100--550 cm/s to avoid an aliasing artefact.

Cardiac magnetic resonance: image analysis {#sec3.5}
------------------------------------------

Cine and flow images were assessed off-line with dedicated software package (MASS Medis, Leiden, the Netherlands). Myocardial mass, left ventricular and right ventricular end-diastolic volume, end-systolic volume, and ejection fraction were computed.

Flow images {#sec3.6}
-----------

The forward flow and backward flow through the pulmonic valve were calculated, and the backward flow was considered to represent the volume of pulmonary regurgitation. Like Myerson \[[@cit0008]\], we considered ≥ 40% regurgitation fraction severe. According to recommendations for cardiovascular magnetic resonance in adults with congenital heart disease from the respective working groups of ESC, preoperative indexed RV end diastolic volume above 160 ml/m^2^ was considered significant.

Cardiopulmonary exercise testing {#sec3.7}
--------------------------------

Cardiopulmonary exercise testing was performed on a treadmill, using a modified Bruce protocol (Reynolds Medical System, ZAN-600) as described \[[@cit0009]\]. Oxygen saturation and 12-lead ECG were continually monitored during the test, and blood pressure was measured manually every 2 min. Oxygen consumption (VO~2~), carbon dioxide production (VCO~2~) and minute ventilation (V~e~) were measured with a computerized breath-by-breath analyser. Peak oxygen uptake (VO~2~ peak) was defined as the highest value at peak workload and expressed in ml/kg/min and % of predicted value. Oxygen pulse (pulse O~2~) was defined as the amount of oxygen consumed per heartbeat.

ECG Holter monitoring {#sec3.8}
---------------------

Twenty-four-hour Holter monitoring, performed with a Pathfinder SL version 1.7.1.4557, was analysed for supraventricular arrhythmias and ventricular pauses. Twenty-four-hour Holter monitoring, performed with a Pathfinder SL version 1.7.1.4557, was analysed for supraventricular or ventricular arrhythmias and ventricular pauses. We defined significant arrhythmias as ventricular tachycardia ≥ 3 consecutive ventricular complexes at a rate \> 100 bpm, atrial fibrillation -- complete absence of P waves, supraventricular tachycardia (SVT) ≥ 3 consecutive supraventricular complexes at a rate \> 100 bpm, ≥ 3 s pause, second degree Mobitz II or third degree AV block, or symptomatic bradycardia. Serious arrhythmias were defined as: ventricular tachycardia \> 120 for 30 s, complete or third degree heart block, symptomatic second degree heart block, type II, pause \> 6 s and symptomatic bradycardia \< 40 beats per minute for \> 30 s.

Quality of life assessment {#sec3.9}
--------------------------

Patients' quality of life was assessed with the SF-36 questionnaire (license number: QM037376). A Polish language version of the SF-36 questionnaire, prepared by the Institute of Cardiology, was used. The SF-36 is a generic measure that uses a multiple-item scale to assess each of the following eight domains: physical functioning, role functioning-physical, bodily pain, general health, vitality, social functioning, role limitations caused by emotional problems, and mental health \[[@cit0005]\]. Functional health assessment, using the SF-36, was completed in all 39 patients and 40 controls. Scores were analysed according to published guidelines described previously \[[@cit0010]\]. A score between 0 and 100 was calculated for each domain. The physical complex status and mental complex status also were calculated as the weighted combinations of the 8 scales of the SF-36.

Statistical analysis {#sec3.10}
--------------------

All statistical analyses were performed using the statistical software package StatSoft Statistica 12.5. All data are expressed as mean with 95% confidence interval or median with interquartile range. A *p*-value of less than 0.05 was considered statistically significant. Categorical variables were expressed as frequency and percentage; continuous variables were expressed as mean and standard deviation. Continuous variables were tested for normal distribution using the Shapiro-Wilk test and compared using the two-tailed Student's *t*-test and Mann-Whitney *U* test where appropriate. Correlations between nominal variables were tested with Spearman's rank correlation coefficient test or Pearson's rank correlation coefficient test, depending on normal distribution of interval variables. Correlations between ordinal variables data were analysed by Kendall's tau test. All ordinal and interval data were tested by the Spearman test.

Results {#sec4}
=======

Population characteristics {#sec4.1}
--------------------------

The study population consisted of 39 patients (20 male) who had ToF surgery and 40 controls (22 male). The mean age of patients at ToF repair was 4.9 ±5.3 years and at evaluation was 31.6 ±11.3 years; the control group had a mean age of 27.7 ±5.2 years at the time of evaluation.

Complete repair was performed using a transannular patch in 37 (94.9%) patients. In 4 (10.3%) patients, a palliative procedure with Blalock-Taussig shunt was performed; the mean age at Blalock-Taussig anastomosis was 3.3 ±2.4 years. Thirteen (35%) patients had reoperation due to significant pulmonary regurgitation (mean indexed RV end diastolic volume was 137.99 ±30.12 ml/m^2^ and mean pulmonary regurgitation fraction was 43.7 ±10.5%); the mean age of reoperation was 27.4 ±8.6.

Reoperation is not planned for the rest of the group (26 patients) due to pulmonary insufficiency or because they do not comply with the European Society of Cardiology guidelines for pulmonary valve replacement (PVR). In this group mean indexed RV end diastolic volume was 114.14 ±28.23 ml/m^2^, and mean PRF was 32.3 ±11.2%.

Quality of life {#sec4.2}
---------------

The perceived physical and mental domains of health of the ToF patients and controls are tabulated in [Table I](#t0001){ref-type="table"}. The scores for physical functioning, role physical, general health, social functioning and role emotional were significantly lower for ToF patients than for control subjects. Mental complex status and physical complex status also were poorer for patients than for controls. There was no relationship of patients' quality of life with age, gender, weight, or height at first repair. Physical functioning, vitality, mental health, and mental complex status were negatively correlated with patients' age. Physical functioning and role physical negatively correlated with time since repair and presence of reoperation. We did not find a significant association with arrhythmias or quality of life.

###### 

Results for SF-36 questionnaire in patients after ToF repair and controls

  Parameter                 Patients after ToF repair   Controls       P-value
  ------------------------- --------------------------- -------------- ----------
  Age \[years\]             30.6 ±11.3                  27.7 ±5.2      0.14
  Male, n (%)               20 (52)                     22 (55)        0.74
  Physical functioning      75.06 ±22.89                97.25 ±4.5     \< 0.001
  Role physical             58.55 ±35.96                93.75 ±16.5    \< 0.001
  Bodily pain               72.44 ±25.09                81.5 ±22.34    0.09
  General health            51.19 ±22.16                77.43 ±16.64   \< 0.001
  Vitality                  57.14 ±15.39                63.25 ±15.3    0.08
  Social functioning        73.4 ±20.11                 86.43 ±19.21   0.004
  Role emotional            72.6 ±40.37                 91.67 ±23.57   0.012
  Mental health             67.6 ±14.7                  72.9 ±16.09    0.13
  Mental complex status     46.43 ±9.22                 78.56 ±14.56   \< 0.001
  Physical complex status   46.37 ±8.89                 87.48 ±11.89   \< 0.001

Correlation of quality of life scores with cardiopulmonary exercise test results {#sec4.3}
--------------------------------------------------------------------------------

We investigated the correlation between domains of health and echocardiography, CMR, and CPET, as described below.

VO~2~ peak, physical functioning (*r* = 0.6, *p* ≤ 0.001), general health (*r* = 0.36, *p* = 0.03), and physical complex status (*r* = 0.51, *p* = 0.001) were positively correlated. Also, the percentage peak oxygen uptake per kg was positively correlated with physical functioning (*r* = 0.43, *p* = 0.007), general health (*r* = 0.39, *p* = 0.015) and physical complex status (*r* = 0.49, *p* = 0.002).

Right ventricle ejection fraction measured with CMR positively correlated with role physical (*r* = 0.38, *p* = 0.04). End-diastolic and end systolic volumes of both ventricles and pulmonary regurgitation parameters did not correlate with quality of life domains.

In echocardiography, pressure half-time was positively related to physical functioning (*r* = 0.48, *p* = 0.004), role physical (*r* = 0.4, *p* = 0.02), and physical complex status (*r* = 0.46, *p* = 0.006). Other parameters such as TAPSE and S' did not correlate with quality of life domains.

[Table II](#t0002){ref-type="table"} shows SF-36 results in ToF patients with significant PHT (\< 100/ms) compared with those with non-significant PHT (≥ 100/ms). Physical functioning and role physical were significantly lower in those who had significant PHT.

###### 

Results for SF-36 questionnaire in patients after ToF repair who had significant pressure half time (PHT) (\< 100/ms) or nonsignificant PHT (≥ 100/ms)

  Quality of life domain    PHT \< 100/ms(*n* = 23)   PHT ≥ 100/ms(*n* = 16)   *P*-value
  ------------------------- ------------------------- ------------------------ -----------
  Physical functioning      69.45 ±24.21              86.36 ±19.07             0.04
  Role physical             52.17 ±35.29              79.55 ±35.03             0.04
  Bodily pain               70.00 ±25.92              78.73 ±24.64             0.36
  General health            50.07 ±21.58              52.63 ±26.68             0.76
  Vitality                  55.14 ±15.56              64.55 ±15.72             0.11
  Social functioning        71.20 ±20.10              76.14 ±20.50             0.51
  Role emotional            75.36 ±37.89              75.76 ±42.40             0.98
  Mental health             66.18 ±15.00              73.45 ±13.89             0.19
  Physical complex status   44.18 ±9.05               50.67 ±8.03              0.05
  Mental complex status     46.63 ±9.58               47.87 ±9.03              0.72

In [Table III](#t0003){ref-type="table"} SF-36 results in ToF patients who did not undergo PVR compared with those who had PVR are shown. Only the scores for role physical and physical complex status were significantly different.

###### 

Results for SF-36 questionnaire in patients after ToF repair who did not undergo PVR and patients after ToF repair who did undergo PVR

  Variable                  Patients after ToF repair who did not undergo PVR   Patients after ToF repair who did undergo PVR   *P*-value
  ------------------------- --------------------------------------------------- ----------------------------------------------- -----------
  Physical functioning      81.4 ±18.17                                         68.46 ±20.65                                    0.05
  Role physical             68.00 ±31.89                                        40.38 ±37.56                                    0.02
  Bodily pain               68.35 ±29.77                                        69.38 ±24.05                                    0.91
  General health            52.19 ±20.74                                        50.23 ±23.28                                    0.79
  Vitality                  58.33 ±15.48                                        52.69 ±14.23                                    0.28
  Social functioning        74.92 ±21.19                                        70.15 ±18.09                                    0.49
  Role emotional            74.32 ±39.25                                        69.23 ±44.02                                    0.72
  Mental health             67.68 ±15.49                                        67.38 ±13.65                                    0.95
  Mental complex status     46.85 ±8.83                                         47.32 ±9.2                                      0.88
  Physical complex status   47.36 ±7.9                                          40.95 ±8.8                                      0.03

We also found that the presence of tricuspid valve regurgitation negatively correlated with role physical (*r* = --0.34, *p* = 0.03) and vitality (*r* = --0.35, *p* = 0.03).

Discussion {#sec5}
==========

In the present study, using an objective questionnaire, we compared the quality of life of persons who had ToF repair with that of a healthy control group. Our investigation confirmed that adults with repaired ToF had significantly abnormal functional health in almost all physical functioning domains and in 2 domains of the mental component related to social function and role emotional. These findings are consistent with the reported results in all patients with congenital heart disease compared with those of similarly aged people in the general population \[[@cit0005]\]. In contrast to previous studies \[[@cit0001], [@cit0002], [@cit0004], [@cit0011]\], which did not find significant differences from the healthy population, except for physical functioning, we found impairments in the mental scale of the ToF patients. This finding illustrated that patients with repaired ToF do not adapt their psychosocial status, except for mental health and vitality, and indicate that they cope well with life and try to normalize functioning.

Our study showed an association between age and physical function and vitality, which supports suggestions that deterioration in ToF patients is progressive.

The relation between physical health status and adult reoperations is known and abnormal lower general functional health status scores were associated with time of repair and higher incidence of reoperation \[[@cit0004]\]. We found that role physical and physical complex status were lower in the group of patients who underwent PVR. This association also might be related to decreasing functional health with age.

Cardiopulmonary exercise testing and quality of life have been described in adults with congenital heart disease \[[@cit0004], [@cit0005], [@cit0012]\], and peak oxygen uptake is considered the best objective measure of exercise capacity \[[@cit0003]\]. Our report confirmed that exercise capacity, measured by peak oxygen uptake in CPET, correlates with physical functioning and general health. These results are concordant with those of others \[[@cit0003], [@cit0012], [@cit0013]\], who found a correlation of the physical function domain and exercise function. In contrast, Frigiola *et al.* \[[@cit0011]\] reported that patients with repaired ToF may not have good objectively measured exercise capacity and good subjectively estimated quality of life in the physical domain score. However, those authors used a subjective health-related quality of life questionnaire that was different from ours.

Moreover, physical functioning is assessed by abilities and limitations in daily-life activities and sports \[[@cit0002]\]. For that reason, we closely examined other parameters that affect exercise performance, including predicted percentage peak oxygen uptake, maximal time of exercise, and maximal heart rate during CPET, which highlight relationships between physical component summary and exercise capacity.

This study also found not correlation of peak oxygen uptake with any of the psychosocial scales of the SF-36. This finding is similar to that of Gratz *et al.* \[[@cit0003], [@cit0013]\], who analysed adolescents and adults with various congenital heart diseases, not only ToF. Significant limitations in exercise capacity without associated mental component summary contrast with data of patients with acquired heart disease \[[@cit0014]\], and may be explained by the years-long adaptations of patients with congenital defects, both with physical and mental aspects of their illness.

In the present study, we also found impairments in physical scores to be associated with echocardiographic and CMR abnormalities.

Pulmonary regurgitation is often a late consequence of right ventricular outflow tract reconstruction in patients with ToF due to transannular patching \[[@cit0015], [@cit0016]\]. Previous investigations demonstrated that pulmonary regurgitation is directly linked with right ventricular function \[[@cit0017], [@cit0018]\] and can lead to volume overload, dilatation of the right ventricle and tricuspid regurgitation \[[@cit0004], [@cit0018]\]. Pulmonary and tricuspid regurgitation, measured in echocardiography, appear to be related to impaired physical function. Moreover, not only presence of pulmonary and tricuspid regurgitation influence the physical component. In our study, we proved that the degree of pulmonary regurgitation plays an important role in physical functioning. Similar findings on the echocardiogram have been described by Hickey *et al.* \[[@cit0004]\], who found that not solely tricuspid regurgitation, but also left ventricular dysfunction, residual septal defects, and high right ventricular systolic pressures are associated with abnormal physical performance. However, the assumption that quality of life will follow left ventricular performance was refuted in analyses for all patients with congenital heart diseases \[[@cit0019]\]. Moreover, right ventricular ejection fraction correlates with decreased role physical function. Lu *et al.* \[[@cit0020]\] described a correlation only between right ventricle ejection fraction when above ≥ 45% and physical component summary scores. According to Lu *et al.* \[[@cit0021]\], right ventricular end diastolic volume and pulmonary regurgitation did not influence the quality of life, an observation that suggests that cardiac dysfunction is not directly responsible for impaired quality of life.

Our study has three limitations: 1) the small patient population is a limitation, even though the patients were extensively studied, with echocardiography, CMR, CPET, and the SF-36 questionnaire, thus giving rich data for comparison of patients with healthy control subjects. 2) Apart from being selected on the grounds of the definition of the study population -- patients with tetralogy of Fallot who underwent repair -- patients in this study were not purposely selected. We were not informed about the reasons why patients who did not participate in the study refused. However, all patients were approached uniformly, and there were no significant differences in any of the baseline characteristics between patients who participated in the study. 3) The quality of life was assessed by only a single standardized questionnaire, the SF-36. Although different tests have been used in other studies, we chose the SF-36 because it is one of the most widely used. However, CMR is not readily available in all institutions and is not as readily accomplished in all patients as compared to echocardiography, which therefore remains the mainstay for routine assessment of the post-surgical TOF patient. As Mercer-Rosa *et al.* \[[@cit0022]\] reported, echocardiography was 97% sensitive to identify cases with regurgitation fraction \> 20% (107 of 110 patients; 95% CI: 92--99%) qualitatively, and also to a pressure half time \< 100 ms has good sensitivity and specificity for severe pulmonary regurgitation.

Conclusions {#sec6}
===========

This study directly compared the quality of life in adults after repair of ToF with that of healthy control subjects. The self-perceived physical and mental domains of health were significantly poorer in ToF patients than in controls. Strong associations were found between objective exercise capacity and physical aspects of quality of life. Also, right ventricular function and severity of the pulmonary regurgitation were associated with patients' quality of life. Complex assessment and quality of life instruments should be used together to obtain an accurate view of health status of patients with repaired ToF.
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